Specific identification of iron oxide-labeled stem cells using magnetic field hyperthermia and MR thermometry.
Cell-based therapies represent important novel strategies for the improved treatment of various diseases. To monitor the progress of therapy and cell migration, noninvasive imaging methods are needed. MRI represents such a modality, allowing, for example, for the tracking of cells labeled with superparamagnetic iron oxide nanoparticles. Unfortunately, the labeled cells cannot always be identified nonambiguously in the MR images. In this article, we present the combination of two different types of MR experiment to identify iron oxide-labeled cells nonambiguously. The labeled cells appear as hypointense spots on standard T(2)*-weighted MR images. Furthermore, they can be heated magnetically and subsequently identified by MR thermometry as a result of their heat dissipation. Other hypointense regions in the MR images are not heated and do not show heat dissipation. A proof-of-principle study was successfully performed in vitro and in vivo. The positive identification of the iron oxide-labeled cells was demonstrated in collagen type I hydrogel phantoms and in living mice with high spatial and temporal accuracy. The motion of the in vitro samples was corrected in order to improve the specificity of the identification of labeled cells. Therefore, this method possesses the potential for cell tracking without prior knowledge about the cells, and thus allows the noninvasive monitoring of cell-based therapies, as long as the cells contain a sufficient amount of iron oxide for detection in MR thermometry and imaging.